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The goal of this project is to develop a realistic, robust, and fast cloth-simulator - 
realistic and robust, so that the clothes behave as expected; and fast, so that results can 
be seen instantly and the clothes can be interacted with in real-time. A variety of papers 
on previous works are referenced, so that the specific advancements of each research 
may be combined to produce the desired simulator. The long-term intention of this 
project is to serve as the requisite physical engine in which a protocol for the animation 
of digital characters putting on clothes may be developed. This has applications in 
robotics, wherein the protocol used by the digital character can be taught to robots, 










 The bases for current physics-based cloth simulation were established more than 
two decades ago, when Terzopoulos et al. modelled cloth simulation in terms of 
mechanical engineering and the finite element method [Terzopoulos et al. '87]. Ever since, 
other researchers built upon this foundation by experimenting with many different 
methods to maximize performance (speed of simulation) and realism in cloth simulation. 
Although newer methods and better hardware generally bring improvements, each 
different method has its own distinct balance between realism and performance, as one of 
the two is generally traded off for another. For example, Breen and others developed a 
way to produce very realistic images of cloth draped on objects [Breen et al. '94]. 
However, the process is very slow, because the focus of this specific method is primarily 
on realism over performance. Each newer method also attempts to address a very specific 
shortcoming in the previous methods. For example, Choi and Ko’s method of simulation 
attempts to make the buckling and the bending of simulated cloth appear more realistic 
[Choi and Ko '02]. 
 There are general, universal components in cloth simulation: integration, cloth 
structure, forces-modelling, collision detection and handling, etc. Each new simulator, 
even while focusing on a specific improvement for a component, also tries to make 
improvements or variations in the other components, usually as a side-improvement or to 
adjust the balance between performance and realism to better showcase the primary novel 
improvement.  
 The proliferation and the variety of the methods for simulating the different 
components of cloth simulation offer many choices of methods for a new cloth simulator. 
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I can thus pick and choose the best method for each component of cloth simulation, in 






 Baraff and Witkin’s simulation uses an implicit integrator (shown below) to 
ensure robustness in a fast simulation with large time steps, and their constraint-energy 
based model of deriving the different internal forces associated with cloth (stretch, shear, 
and bend) works well with their integration method [Baraff and Witkin '98]. The 
following equation is derived from the formula relating force to mass and acceleration. 
Unlike forwards explicit Euler method, the backwards implicit Euler method ensures that 
even with a large time step, the displacements correspond with the equation for the state 
at the end of the time step. 
 
Figure 1: Baraff and Witkin's Implicit Integrator 
 
In a system with n vertices, 
I is a 3n-by-3n identity matrix. 
h is the scalar time step. 
M is a diagonal 3n-by-3n matrix. Each group of 3 consecutive values along the diagonal 
is the mass of each particle. 
δf/δx is a 3n-by-3n matrix derivative of the force on n vertices with respect to their 
positions. 




Δv, the unknown to be solved for, is the 3n vector of the change in the vertices’ velocities 
for the current iteration. 
f0 is the 3n vector of the net force acting on the n vertices. 
v0 is the 3n vector of the velocities of the vertices in the current iteration. 
 
 Whereas Baraff and Witkin's research deals primarily with the implicit integrator, 
Bridson et al.'s research details a robust method for the treatment of collisions [Bridson et 
al. '02]. As per its recommendation, an axis-aligned bounding box hierarchy is 
implemented to eliminate unnecessary checks for collisions between triangles. Provot 
describes a way to take advantage of the hierarchical structure to efficiently detect 
patches of cloth that need not to be checked for self-collision [Provot '97]. By extracting 
curvature information from the surface normals of the mesh, one can assume that cloth is 
not distorted enough to touch itself if there is very low curvature in the area. Although 







Bending force is not implemented in the simulator. 
Without reference, it is difficult to figure out what force coefficients ensure the 
greatest stability and realism. Default values are set according to results from trial-and-
error experience. 
The simulation is not robust to extreme conditions. When coefficient values are 
made extreme, or when the mesh is stretched or moved about, the system blows up. It 
remains to be seen whether the system will remain stable with the correct coefficients, 
and without extreme outside forces. Collision handling algorithm takes shortcuts on the 








So far, the simulator simulates a 100-particle system around real-time. Although 
this is without the implementation of the bending force, the current speed means that the 
process of solving a large system of equations expressed as sparse matrices is quite fast. 
The effect of the implementation of one more force should be trivial. The chart in page 8 
shows that performance does not have a linear relation with the number of particles in the 
system. 
Coefficients of 50000 and 5 for the stretch force and its damping force, and 100 
for shear force were used to produce a nice simulation for this particular system. After a 
certain threshold around 10000, the increase of the stretch force coefficient seemed to 
have very little effect. It seems that this value is ideal for keeping the cloth resistant to 
stretch, without risking instability from extreme coefficients. 
The implementation of adjustable coefficients within the simulation’s user 
interface facilitated the testing of different coefficients on stock systems. The goal is to 
find the ideal coefficients and the ideal system sizes that will produce the most realistic, 
yet efficient, simulation. 
Although Baraff and Witkin's simulations were not real-time ("Representative 
running times include a long skirt with 4,530 nodes (8,844 triangles) on a dancing 
character at a cost of 10 seconds per frame, and a shirt with 6,450 nodes (12,654 
triangles) with a cost varying between 8 to 14 seconds per frame ") [Baraff and Witkin 
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'98], processors have since become faster, and the simulator is expected to be used with 
much smaller systems, as its focus in on realistic behaviour, not appearance. 
 
Figure 2: Simulator and coefficient adjuster 
 
 
Figure 3: Simulated cloth at start, after 20 iterations, and after 40 iterations in rest state 






Vertices in system Milliseconds to 
calculate 60 time 
steps 
Milliseconds to 
calculate 120 time 
steps 
Milliseconds to 
calculate 180 time 
steps 
27 1862 3734 5606 
105 3018 6051 9010 
232 6219 13097 20642 
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